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ABSTRACT 


“= 1. Introduction 


The steady rise of technological progress has affected the position of scientific achievements and initiatives and the 
availability of previously unexplored research fields (Gorjian et al., 2021). Integrating AI with biotechnology is a 
relatively new development with revolutionary potential in healthcare and this happens because both artificial 
intelligence and biotechnology are growing and developing rapidly as separate academic disciplines. There is a 
growing demand for novel solutions to complicated and varied biological problems. AI technology allows for a 
deeper understanding, modeling, and manipulation of biological processes due to merging these two fields (C. 
Chen et al., 2022). The healthcare industry benefits significantly from the combination of biotechnology and AI. 
Al's powerful computational skills are used in the medical and scientific communities to develop cutting-edge 
diagnostic tools, individualized treatment regimens, and streamlined drug development processes. It is possible to 
analyze patient data, spot patterns, and predict the results of a disease using Al-based techniques, allowing for more 
prompt treatment and tailored strategies considering each patient's unique circumstances. By rapidly screening new 
medication candidates and forecasting their efficacy, artificial intelligence systems save time and money 


throughout the drug discovery process (Moor et al., 2023). 


Combining AI with biotech allows for the creation more efficient and cutting-edge methods for bioprocessing. 
Using machine learning algorithms in bioprocessing enables real-time monitoring and adjustment of variables, 
which in turn leads to cost savings, higher product quality, and more efficient use of resources. Artificial 


intelligence (AI)-based systems can also model and predict optimal bioprocessing conditions, which helps 
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researchers develop new, applicable methods for producing bio-derived products. Advances in machine learning's 


biotech applications can be attributed to merging of the two fields of study (Velidandi et al., 2023). 


Figure 1. Attractive image of AI and Biotechnology integration (OpenAI. (2024). ChatGPT (4) 
[Large language model]. https://chat.openai.com) 


By automating data processing and interpretation, Al-powered systems have sped up scientific discovery and 
improved our understanding of complex biological systems. Novel computer models are being created in this study 
to anticipate biological processes, including protein folding and gene expression, and it also provides the feasibility 
of using gene-editing tools like CRISPR-Cas9 to regulate and control biological systems in novel ways. Because of 
its immense potential for innovation and growth, the intersection of biotechnology and AI is attracting the attention 
of researchers and investors worldwide (Truong & Papagiannidis, 2022). Numerous universities, think tanks and 
private businesses are actively investigating this multidisciplinary area because of its potential impact on healthcare 
worldwide (Rodrigues, 2020). This review "Biotechnology-Artificial Intelligence Nexus: A Review of Advanced 
Applications, Benefits, and Challenges in the Healthcare Domain" is an in-depth look at the exciting and rapidly 
growing field in which biotechnology and AI meet. This integration can revolutionize how healthcare and 


biotechnology professionals understand and employ biological systems. 

1.1. Study Objectives 

(i) To educate the readers about AI. 

(11) To educate the readers about convergence between biotechnology and AI. 
(i1i) To elaborate the role of AI in healthcare domain. 

(iv) To discuss the successful applications of AI in healthcare system. 


(v) To discuss the benefits and challenges in AI-Biotech nexus. 
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= 2. Biotechnology & Artificial Intelligence: An Overview 
2.1. Biotechnology 


Biological processes, animals, or systems are used to power the creation of cutting-edge technologies in the highly 
multidisciplinary subject of biotechnology. In order to solve problems in fields as diverse as human health, 
agriculture, and the environment, biotechnologists commonly resort to tinkering with DNA, proteins, and cells 
from living things (Lysunets). Biotechnology has several uses, but one of the most visible is in the medical 
industry. Scientists have fabricated recombinant DNA molecules using genetic modification techniques to create 
life-saving drugs like insulin and human growth hormone. Gene therapy has emerged as a potentially effective 
method for treating genetic illnesses by removing, altering, or adding healthy copies of genes (Prado, 
Acosta-Acero, & Maldonado, 2020). The agriculture industry has substantially changed thanks to biotechnology in 
crop productivity and protection (Hesham et al., 2021). Genetically modified organisms (GMOs) are organisms 
with DNA that have been altered so that it is more resilient to a variety of threats, including pests, diseases, and 
environmental stresses like drought. As a result, the use of potentially dangerous chemical pesticides has decreased 
while agricultural output has increased and biotechnology has also aided the creation of nutrient-dense crops, 
increased food availability and improved health outcomes. Recent environmental biotechnology developments 
have been auspicious. This field of study emphasizes using organisms or parts of organisms to address 
environmental issues such as waste management, pollution, and resource conservation. Bioremediation aims to 
restore ecological balance by using microorganisms to break down harmful chemicals and pollutants (Arora, 
Kumar, Ogita, & Yau, 2022). Increased human well-being and remarkable ecological stability are benefits of 


biotechnology industry advancements. 


Figure 2. Classification of Biotechnology (Modified after (Padhy, 
Mahapatra, Saraswat, & Song, 2020)) 
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2.2. Artificial Intelligence (AI) 


Artificial intelligence (AI) is an area of computer science that aspires to create machines with human-level 
intelligence. Building algorithms and models that mimic human intelligence so that computers can learn from data, 
adapt to new situations, and carry out complex jobs is what this refers to (Abonamah, Tariq, & Shilbayeh, 2021). 
Natural language processing (NLP), a branch of AI, is increasingly considered essential. This technical progress 
benefits from voice assistants, chatbots, and machine translation apps since it allows robots to understand, interpret, 
and produce human language. The advancement of Natural Language Processing (NLP) has dramatically improved 
the efficiency with which people and machines can exchange information (Kuddus, 2022). Computer vision, the 
ability of computers to process and make sense of visual input from the outside world, is another important use. 
Many industries have found uses for this technology, from medical imaging to driverless cars. Diagnostic 
technologies based on AI can examine medical pictures with pinpoint accuracy, helping doctors spot abnormalities 
and illnesses. As a result, medical professionals can make better judgments for their patients (Vijaya, 2022). 
Artificial intelligence (AI) is essential in robotics because it allows robots to navigate and interact with their 
environment without human intervention. As a result of this occurrence, complex robotic systems have emerged 
that can carry out a wide range of tasks, from product assembly to surgical aid to the exploration of dangerous 
environments like the depths of the ocean or outer space (Wan, Gu, & Ni, 2020). The versatility and promise of 
Artificial Intelligence (AI) have been demonstrated by its use in a wide range of domains, from banking and 


marketing to education(Kaswan, Dhatterwal, Kumar, & Lal, 2023). 
2.3. Convergence of the Biotechnology & Artificial Intelligence 


A new age of creativity and discovery has begun with the merging of biotechnology and artificial intelligence. 
Researchers can learn more and provide better answers to complex biological problems if they use AI and 
biotechnological approaches together. Genomics is a prominent example of this convergence since it uses AI 
methods like machine learning and deep learning to evaluate large volumes of genetic data. Understanding how 
genes interact and contribute to different traits and illnesses allows scientists to uncover patterns and links in DNA 
sequences. Because of this, tailored treatments and targeted therapeutics may be developed more quickly thanks to 
Al-powered genomics research (Johnson et al., 2021). One such place where the two disciplines meet is in drug 
discovery. Artificial intelligence systems can examine enormous databases of chemical substances and biological 
targets far more rapidly and correctly than human experts. Applying AI to drug development helps researchers save 
time and money while raising the chance of finding successful medicines for various ailments (Hassanzadeh, 
Atyabi, & Dinarvand, 2019). Synthetic biology has also advanced due to the union of AI and biotechnology, 
allowing scientists to create innovative biological systems tailored to perform specific tasks. Artificial intelligence 
may assist with the design process by foreseeing how alterations to DNA would influence the performance of 
organisms or their parts (Kim, 2020). This paves the way for creating biofuels, biodegradable polymers, and 
tailored medicine delivery systems that are more efficient and accurate than their predecessors. Finally, combining 
biotechnology with AI can potentially revolutionize many fields, from medicine and agriculture to ecology and 
energy. By using AI to decipher complex biological data, scientists may shed light on major global issues and 


develop novel approaches to addressing them (Holzinger, Keiblinger, Holub, Zatloukal, & Miiller, 2023). 
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Figure 3. Image illustrates the different areas of biotechnology in which AI can be applied 
to improve their functioning (Kashkha, 2023) 
a 3. Applications and Case Studies of Artificial Intelligence & Biotechnology in Healthcare Domain 


More accurate diagnoses of diseases and individualized treatment plans are now possible because of advancements 
in biotechnology and artificial intelligence (AI). Significant progress has been made in many areas of medicine due 
to merging these two disciplines, including imaging, genetics, drug development, and telemedicine. X-rays, MRI 
scans, and CT scans are just some of the medical pictures that may be analyzed by Al-powered systems used in 
illness diagnosis. For instance, cancer, Alzheimer's, and heart disease may all be detected earlier using deep 


learning algorithms trained to spot patterns in medical pictures (Singh, Singh, Singh, & Singh, 2021). 


Artificial Intelligence 


Applications in Biotechnology 


—)—- ——|=)/= 


Figure 4. Applications used in Bioecology by using Artificial Intelligence 


Molecular diagnostic technologies like polymerase chain reaction (PCR) and next-generation sequencing (NGS) 


are only possible due to biotechnology's contribution to medicine. Identifying a disease's unique genetic 
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fingerprint, infectious agent, or biomarker paves the way for preventative measures and individualized care. 
Artificial intelligence (AI) algorithms are used in the healthcare industry to sift through mountains of patient and 
genomic data in search of individualized treatments, allowing doctors to personalize therapy for each patient, which 


boosts treatment success and reduces adverse effects (Waden, 2022). 
3.1. Case Studies of Successful Applications 
3.1.1. AI-Based Diagnoses for Diabetic Retinopathy 


Retinal microangiopathy, or diabetic retinopathy, is a frequent consequence of diabetes that causes gradual vision 
loss and, in extreme cases, blindness. One-third of persons with diabetes are expected to have diabetic retinopathy, 
which is a primary cause of blindness globally, according to the World Health Organization (Kropp et al., 2023). 
Preventing blindness and improving patient outcomes requires prompt diagnosis and treatment. Artificial 
intelligence (AI) has become an invaluable resource for the early diagnosis and management of diabetic 
retinopathy, with companies like DeepMind, a Google subsidiary, developing Al-powered systems that can 
analyze retinal images and make diagnoses on par with human specialists. There are several benefits of using AI to 
diagnose diabetic retinopathy over more conventional approaches. Screening programs can save time and resources 
by the accuracy and speed with which AI-based systems can scan vast numbers of retinal pictures. Diabetic 


retinopathy screening and diagnosis may be expanded to underserved and rural regions using Al-powered 


Figure 5. Some images from the training set and the effect of preprocessing, which allows us to increase the size of 


solutions. 


the input dataset: (a) Images with symptoms; (b) Asymptomatic images; (c) Pictures with left and right 


rotation; (d) Images with noise (This image is taken from reference (Asia et al., 2022)) 


Deep learning methods, a subset of machine learning techniques that involves training artificial neural networks to 
spot patterns in data, form the basis of DeepMind's AI system for diagnosing diabetic retinopathy (Raman et al., 
2019). To "learn" the traits associated with diabetic retinopathy, an AI system is trained on thousands of retinal 


pictures annotated by human specialists. Once taught, the system can quickly and accurately diagnose fresh retinal 
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pictures. Researchers from DeepMind and Moorfields Eye Hospital released a groundbreaking report in JAMA 
showcasing the efficacy of their AI system in diagnosing diabetic retinopathy. On a dataset of 128,175 retinal 
pictures, the algorithm identified referable diabetic retinopathy with an accuracy of 94.5%, which is on par with the 
performance of human experts (Gulshan et al., 2016). The AI system could deliver a diagnosis in seconds, 
significantly quicker than human specialists. Diabetic retinopathy identification is only one area where Al-based 
diagnostics might be helpful. Artificial intelligence technologies can also aid in tracking a patient's condition over 
time to assess how well their treatment works. More effective and individualized treatment for patients with 
diabetic retinopathy is possible because of the integration of AI into electronic health records and telemedicine 


systems, which allows for better communication between healthcare professionals (Ting et al., 2019). 
3.1.2. IBM Watson for Oncology 


IBM Watson for Oncology is an AI platform created to help with this problem by evaluating large volumes of 
medical data and recommending the best cancer therapies to clinicians. Medical records, scholarly articles, and 
clinical trial results are just some data types that IBM Watson for Oncology analyzes using NLP and ML 
algorithms. Watson can develop individualized treatment plans for each patient by including criteria like tumor 
kind, stage, and molecular features. IBM Watson for Oncology's speed in processing and synthesizing complicated 
information is a significant benefit since it lessens the burden on busy doctors to perform manual data reviews and 
interpretations. This can be especially helpful in the field of cancer, where prompt and accurate treatment decisions 
are essential for the best possible patient results. Watson's capacity to analyze massive amounts of data and spot 
trends also means it can point doctors toward treatments they had not considered trying before (Ahmed, Toor, 


O'Neil, & Friedland, 2017). 
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Figure 6. Diagrammatic representation of different functional modules in the big data healthcare package of IBM 


Watson (This image is taken from reference (Dash, Shakyawar, Sharma, & Kaushik, 2019)) 


Watson can develop individualized treatment plans for each patient by including criteria like tumor kind, stage, and 
molecular features. IBM Watson for Oncology's speed in processing and synthesizing complicated information is a 


significant benefit since it lessens the burden on busy doctors to perform manual data reviews and interpretations. 


ISSN: 2582-0974 [191] OPEN@ACCESS 


ae: y Middle East Journal of Applied Science & Technology (MEJAST) 
M E a A S T Volume 7, Issue 1, Pages 185-200, January-March 2024 


This can be especially helpful in the field of cancer, where prompt and accurate treatment decisions are essential for 
the best possible patient results. Watson's capacity to analyze massive amounts of data and spot trends also means it 
can point doctors toward treatments they had not considered trying before. IBM Watson for Oncology has shown 
encouraging outcomes in clinical decision-making evaluations across many trials. The treatment suggestions made 
by Watson and those of a multidisciplinary tumor board were shown to have a high degree of agreement in a study 
done at the Manipal Comprehensive Cancer Center in India. Watson's recommendations were congruent with 
expert judgments in 93% of cases, indicating that the AI platform may successfully enhance clinical 
decision-making in cancer (Somashekhar et al., 2018). As patient information is so sensitive, protecting it while the 
AI platform processes it is paramount. Watson's suggestions may affect patient outcomes such as overall survival, 
quality of life, and treatment-related side effects, but this will require more study. To conclude, continuing 
cooperation between AI engineers, healthcare professionals, and patients is necessary to ensure that IBM Watson 
for Oncology is user-friendly, accessible, and successful in enhancing cancer treatment as it is implemented into 


routine clinical procedures (Rebelo, Sanders, Li, & Chow, 2022). 
3.1.3. Zipline's Drone Delivery for Medical Supplies 


Zipline is an Al-powered drone delivery service that transports lifesaving medications and medical supplies to 
outlying clinics in Rwanda and Ghana. The timely delivery of these supplies has increased access to healthcare and 
saved lives in these neglected areas, all thanks to Zipline's drones (Yathiraju & Mohapatra, 2023). In order to 
ensure that even the most inaccessible places have access to lifesaving medical supplies, healthcare logistics plays 
a crucial role in modern healthcare delivery systems. In areas with inadequate infrastructure and challenging 
terrain, conventional modes of transportation, such as trucks and motorbikes, can be sluggish, unreliable, and 
expensive (Schaeffer & Olson, 2019). Zipline's drone delivery service overcomes these constraints by utilizing 
cutting-edge technology and novel delivery techniques to provide patients with their medication on time. Zipline's 
Al-enabled drones can automatically optimize flight courses, avoid obstructions, and adapt to changing weather 
conditions. Drones' built-in sensors and GPS systems precisely pinpoint delivery sites, guaranteeing the safe and 
secure delivery of essential medical supplies. After dropping off their cargo, the drones return to the base to 
recharge and restock. Rwanda and Ghana have significantly benefited from Zipline's drone delivery service, which 
has increased patients' access to care and improved their health results. Zipline has set up a countrywide drone 
delivery network in Rwanda, giving fast access to blood supplies for transfusions and emergency treatment to more 


than 25 hospitals and health institutions (Shava, 2022). 


Over 15,000 units of blood have been transported by Zipline since its introduction in 2016, preventing thousands of 
unnecessary transfusions and saving countless lives. Zipline runs four distribution sites in Ghana, which supply 
over 2,000 healthcare establishments (Tarr et al., 2021). The company's Al-powered drones transport medical 
supplies to clinics and hospitals, such as vaccinations, drugs and diagnostic kits. As a result, diseases like malaria 
and TB are being diagnosed and treated faster than before, and vaccination rates have increased. The widespread 
interest and imitation of Zipline's drone delivery service attest to its success. In the United States, companies like 
Wing and UPS have been permitted to test out drone delivery of medical supplies. In Malawi, UNICEF has 


collaborated with local authorities to set up a drone corridor for transporting vaccines and other health 
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commodities. Despite the potential of drone delivery for healthcare logistics, various obstacles must be overcome 
to make the projects sustainable and scalable (Haidari et al., 2016). Safe integration of drones into national aviation 
systems requires the creation of regulatory frameworks and the investment in infrastructure to enable drone 
operations and maintenance. Trust and acceptability for drone delivery services can only be established by 
concerted efforts by governments, business sector partners, and local communities to ensure that the advantages of 


this revolutionary technology are distributed fairly and ethically (Lockhart et al., 2021). 


\ 
80Km 


Rwanda 


Ghana 


Figure 7. Left- Centre for drone launches in western Rwanda. Right- Map of the Rwandan and Ghanaian zipline 


centers (This image is taken from reference (Aguilera et al., 2020)) 
3.1.4. KardiaMobile 


KardiaMobile, developed by AliveCor, is a revolutionary wearable electrocardiogram (ECG) that uses AI to 
identify potentially life-threatening arrhythmias like atrial fibrillation. By allowing for earlier diagnosis and 
intervention, this cutting-edge technology can revolutionize cardiac care and reduce the prevalence of potentially 
fatal complications like stroke and heart failure (Goldenthal et al., 2019). Millions worldwide suffer from atrial 
fibrillation (AF), the most common form of irregular heart rhythm. Poor blood flow and an increased risk of blood 
clots result from the atria, the upper chambers of the heart, beating chaotically and irregularly, causing this 
condition. Stroke, heart failure, and even death can occur due to untreated atrial fibrillation (Benjamin et al., 2017). 
To overcome these obstacles, AliveCor designed KardiaMobile, a portable electrocardiogram (ECG) monitor that 
patients can use to monitor their home's heart rates. With the touch of a finger, the tiny smartphone accessory 
KardiaMobile records an electrocardiogram (ECG) from a single lead. Through a specialized app on the user's 
smartphone, recorded ECG data is transmitted to a computer, where artificial intelligence algorithms examine it for 
possible signs of atrial fibrillation. KardiaMobile's artificial intelligence (AI) algorithms have been trained and 
tested on massive amounts of ECG data from various patient populations. This ensures that the device can 
accurately detect a broad spectrum of abnormal heart rhythms. KardiaMobile's sensitivity of 93.6% and specificity 
of 99.1% in detecting AF in a clinical trial involving over 2,000 participants demonstrates the device's high 
accuracy and reliability in identifying this potentially life-threatening condition (Steinhubl et al., 2018). By giving 
people more control over their cardiac care, KardiaMobile improves patient engagement and self-management. 


KardiaMobile's ability to give patients real-time feedback on their heart rhythms can improve clinical outcomes 
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and decrease healthcare costs by encouraging patients to take their medications as directed and adopt healthier 


lifestyle habits (Al-Alusi, Ding, McManus, & Lubitz, 2019). 
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Figure 8. Single-lead handheld ECG AliveCor Kardia Mobile (This image is taken 
from reference (Veale et al., 2018)) 


“4, Future of Biotechnology-Artificial Intelligence Nexus 


In many aspects, the healthcare industry stands to benefit significantly from the integration of AI and 
biotechnology. This part, focusing on essential topics such as precision medicine, drug development, diagnostics, 


and ethics, will address the future paths and implications of this convergence in healthcare. 
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Figure 9. Future Directions of Biotechnology-Artificial Intelligence Nexus 
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4.1. Precise Medical Care 


Improving precision medicine is a potentially fruitful area for the future integration of AI and biotechnology. 
Precision medicine aims to provide more individualized and efficient medical care by considering each patient's 
unique genetics, environmental circumstances, and way of life. By facilitating the study of large datasets, AI can 
help speed up the development of precision medicine by locating novel biomarkers and therapeutic targets (J. H. 


Chen & Asch, 2017). 
4.2. Discovery of New Drugs 


The integration of AI with biotechnology has the potential to revolutionize healthcare, particularly in medication 
development. Using machine learning algorithms, predicting drug-target interactions, finding novel compounds, 
and improving clinical trial candidates are all possible. This can speed up the introduction of innovative medicines 
for a wide range of ailments while decreasing the time and money required to bring them to market (Vamathevan et 


al., 2019). 
4.3. Diagnosis and Prognosis 


Integrating AI and biotechnology could significantly improve medical diagnosis and prognosis. By analyzing 
massive volumes of medical imaging data, AI-driven diagnostic systems might enhance the early identification and 
prediction of illnesses like cancer and neurological disorders. In order to improve patient outcomes, AI algorithms 


are increasingly being used to detect patterns and biomarkers often overlooked by human specialists (Topol, 2019). 
“© §, Ethical Considerations and Challenges 


The combination of AI and biotechnology has many practical applications in healthcare but presents severe ethical 
concerns and hurdles. The uneven distribution of AI-driven healthcare solutions can exacerbate health inequalities, 
raising serious ethical concerns. It is crucial to ensure that the advantages of modern technologies are dispersed 
fairly across all populations and prevent the growth of health disparities (Blasimme & Vayena, 2019). Furthermore, 
privacy and security issues develop when AI systems gather and analyze large volumes of personal and medical 
data. Maintaining patient confidence and avoiding inappropriate use of personal information necessitates strict 
adherence to best data storage and security practices. Finally, issues with validating and regulating AlI-driven 
medical solutions arise from combining AI and biotechnology in healthcare. To fully realize these technologies' 
promise in healthcare, we must develop regulatory frameworks to evaluate their safety and efficacy while 
encouraging innovation (Holzinger, Weippl, Tjoa, & Kieseberg, 2021). In the future, academics, healthcare 
providers, politicians, and the general public will need to collaborate to fully realize AI and biotechnology's 


benefits in healthcare while meeting the obstacles they provide (Gerke, Yeung, & Cohen, 2020). 
== 6. Conclusion 


The Biotechnology-Artificial Intelligence Nexus represents the breakthrough convergence of two game-changing 
technologies that promise to change healthcare radically. The advantages and disadvantages of merging 
biotechnology and AI in healthcare and some advanced application case studies have been discussed in this review. 


Consistently collating these findings enables a vision of a future where these complimentary capabilities of 
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biotechnology and AI are harnessed to improve healthcare quality, efficiency, and access for everybody. This 
article discusses several advanced application case studies that employ AI to improve biotechnology. With the help 
of artificial intelligence, research and development in healthcare are being accelerated in all areas — drug discovery, 
proteomics, genetics, medical imaging, customized medicine, and other areas. The AI-driven biotechnology 
advances can lighten the economic burden of conventional research and development by streamlining processes 
and making healthcare systems more effective. Furthermore, analytics enabled by AI may illuminate complex 
biological processes, resulting in more knowledge-driven decisions and personalized treatment plans. These profits 
are likely to improve healthcare for patients, improve standards overall, and cater to the growing requirement for 
cost-effective services as the population of the world ages. Nevertheless, challenges arise when biotechnology and 


AI are merging in healthcare. 
a 7. Future Directions & Improvements 


For the Biotechnology-AI Nexus to reach its full potential, we must surmount its obstacles, including the 
requirement for interdisciplinary cooperation, data privacy and security issues, ethical dilemmas, regulatory 
compliance, and others. To address these concerns, researchers, healthcare providers, politicians, and industry 
stakeholders should collaborate to produce an environment that fosters responsible innovation and ensures 
equitable sharing of the gains. Worker dislocation is also a concern produced by the possibility of AI and 
automation changing the nature of the labor market. Re-skilling and up-skilling investment are necessary to ensure 


the healthcare staff possesses the competencies to adjust to technological changes as the Biotechnology-AI Nexus 


emerges. 


ISSN: 2582-0974 [196] OPEN @ACCESS 


Middle East Journal of Applied Science & Technology (MEJAST) 
Volume 7, Issue 1, Pages 185-200, January-March 2024 


ISSN: 2582-0974 OPEN@ ACCESS 


Middle East Journal of Applied Science & Technology (MEJAST) 
Volume 7, Issue 1, Pages 185-200, January-March 2024 


ISSN: 2582-0974 OPEN@ ACCESS 


Middle East Journal of Applied Science & Technology (MEJAST) 
Volume 7, Issue 1, Pages 185-200, January-March 2024 


ISSN: 2582-0974 OPEN@ ACCESS 


Middle East Journal of Applied Science & Technology (MEJAST) 
Volume 7, Issue 1, Pages 185-200, January-March 2024 


ISSN: 2582-0974 OPEN@ ACCESS 


